We have used the unique far-UV imaging capability offered by a sounding rocket borne instrument to acquire observations of C/2012 S1 (ISON) when its angular separation with respect to the sun was 26.
INTRODUCTION
The recent apparition of comet C/2012 S1 (ISON) presented a unique opportunity to observe a dynamically new, sungrazing, Oort cloud comet (Oort 1950) prior to its reaching perihelion on 2013 November 28 2013 at a distance of only 2.7 R ⊙ . The initial gas production of an Oort cloud comet, undergoing its first passage into the inner solar system, is expected to be dominated by an excess "frosting" of volatile ices. This frosting is thought to have been created over a solar lifetime (∼ 4.6 Gyrs) through the bombardment of the comet's icy surface by a flux of interstellar dust, cosmic rays, ultraviolet and x-ray radiation in the nether regions between the outermost solar system and the interstellar medium (ISM) (Oort & Schmidt 1951; Whipple 1950 Whipple , 1951 Whipple , 1978 . It is further thought that if the frosting is thin enough, then the mass sublimation process, precipitated by the steady increase in the radiation environment on ingress towards the sun, will gradually reveal a surface composition that is primordial in nature.
The ingress of ISON was closely followed by a global network of amateur and profession observers shortly after its discovery by Novski et al. (2012) . Sekanina & Kracht (2014) have prepared a comprehensive review and model of its photometric and water production behavior, starting with the pre-discovery photometry and extending beyond its total disintegration at 5.2 R ⊙ ≈ 3.5 hours prior to perihelion. The observations reveal that the photometric variations and water production rates were on a seesaw cycle of coma expansion and depletion on ever shortening timescales throughout ingress. Five cycles were identified up to 2013 November 12.9. Disintegration was presaged by two major fragmentation events, led by a 10 fold increase in the observed water production rates between November 12.9 and 16.6 and followed by a 5 fold increase between November 19.6 and 21.6 (Combi et al. 2014) .
These water production rates were derived from observations made by the Solar Wind ANisoltropies (SWAN) Lyα camera on the SOlar and Heliospheric Observer (SOHO) satellite, which provides daily all sky coverage of Lyα emissions with 1
• × 1 • resolution from its vantage at Earth-Sun Lagrange point 1. Consequently SWAN water production observations typically lag those made using small apertures, such as those from the Cryogenic Echelle Spectrometer (CSHELL) at the NASA InfraRed Telescope Facility (IRTF) acquired by DiSanti et al. (2016) . CSHELL observations, which were acquired through a 1.
′′ 0 × 3. ′′ 0 slit, show water production dropping by factor of ≈ 2.5 between November 15 and 16, coincident with a drop in the visible light curve that marked the cessation of activity from event 1 as described by Sekanina & Kracht (2014) .
We report here on far-UV observations over a 30 ′ × 30 ′ field-of-view (FOV), from a sounding rocket borne spectro/telescope made in the intervening period of the second event on November 20.49. They serves as a probe of water production on spatial scales intermediate to those provided by CSHELL and SWAN.
Sounding rockets offer a unique platform for observing the far-UV emission of cometary bodies in close proximity to the sun. The far-UV bandpass provides access to a particularly rich set of spectral diagnostics for determining the production rates of CO, H, C, O and S. Safety concerns for HST restrict its use to solar elongation angles of > 50
• , translating to heliocentric distances of > 0.766 AU in the case of ISON. In contrast, sounding rocket borne instruments can use the Earth's limb to occult the sun. The observations of ISON described here were made at an elongation of 26.
• 3 when the comet was at a heliocentric distance r h = 0.43 AU, a heliocentric velocity ofṙ h = − 62.7 km s −1 , a separation between the Earth and comet of ∆ = 0.84 AU and a relative velocity with respect to Earth of∆ = − 4.5 km s −1 .
FORTIS INSTRUMENT OVERVIEW AND CALIBRATION
FORTIS (Far-uv Off Rowland-circle Telescope for Imaging and Spectroscopy; McCandliss et al. 2004; McCandliss et al. 2008; McCandliss et al. 2010; Fleming et al. 2011 ) is a 0.5 m diameter f/10 Gregorian telescope (concave primary and secondary optics) with a diffractive triaxially figured secondary, creating an on-axis imaging channel and two redundant off-axis spectral channels that share a common focal plane. The spectral channels have a inverse linear dispersion of 20Å mm −1 . The spectral bandpass is ∼ 800 -1800 A. The imaging plate scale is 41.
′′ 25 mm −1 . The FOV is (0.
• 5) 2 . A programable multi-object capability is provided by a microshutter array (MSA) placed at the prime focus of the telescope. The MSA has 43 rows × 86 columns in the FOV. An experimental target acquisition system, is designed to operate autonomously with the intent of limiting spectral confusion by closing all but one column on each of the 43 rows. Each individual shutter subtends a solid angle of Ω = 12.
′′ 4 × 36. ′′ 9. Our flight MSA was derived from prototype versions of the large area arrays developed at Goddard Space Flight Center (GSFC) for use in the Near Infrared Spectrograph (NIRSpec) on the James Webb Space Telescope (JWST) (Li 2005) . The shutters are opened with the help of a magnet that passes in front of the array, timed to coincide with a serial stream of opening volt- ages. Shutters are closed by reversing the direction of the magnet and applying closing voltages.
The three channel microchannel plate (MCP) detector, custom built by Sensor Sciences, employs separate sets of crossed delay-line readout-anodes fed by z-stack MCPs with CsI photocathode inputs. The deadtime of the pulse counting electronics is 400 ns, however, the maximum countrate of each channel is limited by the telemetry clock rate of the first-in-first-out (FIFO) buffer used to collect the pulse heights and locations in x and y. The pulse clock rate is 62.5 KHz for the zero-order imaging channel and 125 KHz each spectral channel. We refer to these channels as P1zero, P2minus and P3plus.
The zero-order imager has a short wavelength cutoff defined by the transmission of a CaF 2 , MgF 2 cylindrical doublet lens. The doublet is included to correct astigmatism in the imager and limit background counts from the geocoronal Lyα. The slits in the microshutter array have a pitch of 1 mm × 0.5 mm in the secondary focal plane. A few percent of the shutters are not active due to shorts between columns and/or rows in the array. These shorts are masked out to prevent drawing excessive current that could potentially damage the array. Figure 1 is an image of the active microshutters acquired during pre-flight payload qualification testing. The illumination source was a slow paraxial beam of Hg I λ1849 provided by a penray lamp. Approximately 70% of the shutters were active.
The effective area of FORTIS was determined from component level efficiency measurements pre-and postflight made with the Calibration and Test Equipment (CTE) at JHU (Fastie & Kerr 1975) , following the pro- cedures described by Fleming et al. (2013) . The postflight effective areas of the spectral and imaging channels, shown in Figure 2 , will be used for this work. In flight, the plan for target acquisition was to observe the comet for 30 seconds in the imaging channel through a fully open MSA, and then deploy a preprogramed slit, in the shape of a K, on the center of brightness. The location of the center of brightness was to be determined by an on-the-fly peak locating subsystem, serving as an interface between the zero-order imager and MSA. Unfortunately the preprogramed slit never successfully deployed due to magnet and address timing issues, frustrating our goal of acquiring confusion limited spectral information from selected regions in the coma along and across the sun-comet line in an effort to detect faint volatile species.
Nevertheless zero order images and dispersed spectral images were acquired through a "mostly open" MSA, during an ≈ 50 second interval ending ≈ 40 seconds before apogee. Three additional attempts to deploy preprogramed slits at roughly 60 second intervals resulted in a "partially open" MSA, having similar shutter patterns wherein ≈ half of the bottom half of the shutters remained closed. A large block of open shutters surrounding the comet allowed the extraction of radially averaged profiles from the weaker emissions in the zeroorder channel and "slit averaged" profiles from the very strong emissions in the spectral channels.
An additional complication arose in determining the true count in the spectral channels. During much of the flight the observed rate was saturated at the telemetry sample rate of 125 KHz. Fortunately, during the second attempt to deploy a slit the count rate in the "P2minus" channel, which is the slightly-less-sensitive of the two, fell below the sample rate to 115 KHz in response to the smaller number of open shutters. A modest deadtime correction factor of 1.16 was found postflight for the ratio of the true rate to the sampled rate. The correction was determined in postflight calibrations by taking advantage of the linearity provided by a cesium iodide coated photomultiplier tube (PMT) in response to a steadily increasing illumination from a deuterium lamp. A plot of the countrate from the PMT against the countrate of a similarly illuminated FIFO buffered MCP, clocked by telemetry, provided the correction factor.
Representative data acquired pre-apogee and nearreentry are shown in Figures 3. The top panels show the on-axis zero-order imaging and off-axis spectral channels. The zero-order imaging has been multiplied by 15 and a 1/4 root stretch has been applied to elevate faint features. The bottom panels show the projection of the images onto the X-axis, allowing assessment of the background levels to be subtracted. The zero-order imager has a significant background with respect to the cometary signal. Initial background measurements were acquired separately in the zero-order channel before arriving at the comet. They were used as the basis of a model to account for the background variations in the cometary images during the course of the flight. The projected background model is shown in red and the result from the subtraction is shown in blue.
The spectral images are dominated by the intense emission of cometary Lyα, with has a peak brightness of 625 Krayleigh. The background levels are quite small in comparison and a small constant level has been subtracted. We will present evidence in the following section that the cometary emissions in the imaging channel are dominated by C I λ1657.
ANALYSIS AND RESULTS
The spatial distribution of cometary emissions provides a means to estimate the gas production rates for its atomic and molecular constituents. Here we provide some basic formulae commonly used in the analysis and then move to estimates for the production of water, carbon and carbon monoxide. We use simple steady state Haser (1957) models and the Festou (1981) vectorial models to constrain the production rates. These models will deviate from the data when variations occur on timescales shorter than the radial scale divided by outflow velocity of a given species. The length scales Sets of spectral and imaging data. Pre-apogee sets acquired between T+192 and T+247 seconds on top. Downleg sets acquired just prior to reentry between T+438 and T+462 seconds on bottom. X-axes projections are displayed underneath each image to assess background (see text for details). The zero order images have been multiplied by a factor of 15 with respect to the spectral channels. A 1/4 root power law stretch has been applied to all images to elevate faint features.
probed here range from ∼ 10 3 to 10 6 km.
Fluorescence Efficiences (g-factors)
UV line emission from cometary volatiles arise primarily from absorption of solar flux by resonant (ground state) transitions, producing excited atoms or molecules that then re-emit into 4π sr. Line intensity varies with the square of the distance between the comet and the sun (r h ). If there is a coincidence between the resonance absorption and a set of strong line emission within the solar spectrum, as is the case for C I, then the shape of the solar line profile and the relative velocity between the comet and the sun become another important factor in modulating the fluorescence line intensity (Swings 1941) . We have neglected the Greenstein effect (Greenstein 1958) , wherein the differential velocity of the cometary outflow in the sunward and anti-sunward directions can produce an additional, second-order modulation in fluorescence line intensity. Our solar spectral energy distribution has too low a resolution to sufficiently account for the Greenstein effect.
The scattering efficiency for a transition, conventionally calculated at 1 AU and commonly known as the "g-factor", is given by;
where λ i is the wavelength, f i is the oscillator strength,
Ai
Σj Aj is the branching ratio for the excited transition (ratio of the ith transition de-excitation rate to the sum of all transitions out of the excited state). F ⊙ (ṙ h ) is the solar photon flux at 1 AU (photons cm −2 s −1Å−1 ) doppler shifted according to the appropriate heliocentric velocity,ṙ h . The above formula is valid for the optically thin case. A more sophisticated treatment models the absorbing transition as a Voigt profile integrated over the doppler shifted solar spectrum, so in general the gfactor is also a function of column density. Optically thin g-factors are shown in Figure 4 for C I λ1561, C I λ1657, S I λ1425, S I λ1475 and O I λ1304, panels a to e respectively. We see that C I λ1657 is an order of magnitude stronger than all the others at the most negative velocities.
In Table 1 we list the optically thin 1 AU g-factors used in this study for C I λ1657, O I λ1304 and H I λ1216 calculated using a heliocentric velocity oḟ r h = − 62.7 km s −1 . We also show representative g-factors for the strongest two CO A-X bands (1-0) at 1510Å and (2-0) at 1478Å. The CO bands are pumped by continuum photons. A solar spectral energy distribution associated with a moderately active F10.7 cm flux of ∼ 150 sfu (solar flux unit), 1 as appropriate to the time of observation, was used for the C I λ1657 and O I λ1304 g-factor calculations. The H I λ1216 g-factor was interpolated from Table 1 of Combi et al. (2014) . The scattering takes place into 4π sr, so the brightness (in rayleighs)
2 of a cometary emission line at arbitrary heliocentric distance is given by;
whereN is the mean column density (cm −2 ). If all the emission from the comet can be contained within an aperture whose solid angle Ω subtends an area A aper = Ω∆ 2 at the comet then the production rate is simply;
where τ i is the lifetime of the species in question. In general, the photodissociation lifetime of a species is proportional to the incident solar flux, so τ i will scale with heliocentric distance r 2 h . In cases where the emissions are extended with respect to the aperture it is common to model parent species, like CO, as a steady-state outflow from the nuclear regions of the coma, having a constant velocity v and an exponential scale length (Haser 1957) . The number density as a function of radius r c is given as; where β = (vτ ) −1 is the inverse scale length. This model can be projected onto the line of sight to yield a column density, so a plot of the brightness as a function of radius yields a column density profile from which the product rates for the volatile species can be determined. A more sophisticated vectorial model (Festou 1981) accounts for the production of daughter products, emitted isotropically in the rest frame of the dissociating parent species.
Water Production Rate from Lyα Image
Water (H 2 O) is well known to be the dominant volatile constituent of comets. Upon sublimation the parent molecule H 2 O dissociates into its atomic and molecular constituents, referred to as daughter products, under the influence of solar photons and solar wind particles. Budzien et al. (1994) have provided a thorough discussion of the various water destruction channels, including techniques to account for varying levels of extreme-and far-UV variation throughout the solar cycle. Combi et al. (2005) have pointed out that, in addition to providing an estimate for the water production rate, the spatial distribution of Lyα also provides information on the velocity distribution of the H daughter. In the analysis provided here we will neglect contributions to the H production from sources other than water and its direct dissociation products.
In Figure 5 we show two profiles extracted from a 20 pixel (41.
′′ 25 -two shutters wide) region centered on the brightest region of the P2minus detector and extending in the anti-sun direction. The profile shown in black was acquired post-apogee when the MSA was in a "partially opened" state and the count rate was not saturated. The jagged shape of the profile is due to closed shutters along the extraction direction. The profile shown in red was acquired pre-apogee when the MSA was in a "mostly opened" state but the count rate was saturated. The overall shape is less affected by closed shutters. The red profile has been shifted to match the core region of the unsaturated profile where the shutters are fully opened.
We have over plotted Lyα radial profiles for water production rates of 8 × 10 29 and 2 × 10 29 s −1 , derived from steady state Haser models modified to include compensation for saturated radial profiles that become optically thick towards the center of the coma. The higher rate is a reasonable match to the upper envelope of the core region at radii 5 × 10 4 km, while the lower rate matches the upper envelope towards the outer regions at radi 10 5 km. This is suggestive of an increasing water production rate in apparent agreement with that observed by Combi et al. (2014) , who found Q H2O = 3.8 × 10 29 s −1 on 19.6 November, and 19.4 × 10 29 on 21.6 November, albeit from a large aperture observation. Our water production observation is most closely bracketed by those from Dello Russo et al. (2016), which were ′′ 25 wide slit centered on the comet. The profile in red was acquired preapogee between T+190 and T+240 seconds when the MSA was in an fully opened state. In this state the count rate was saturated at the maximum sample rate (125 kHz). The profile in black was acquired post-apogee between T+280 and T+340 seconds when an attempted addressing of a slit resulted in a partially opened MSA. This lowered the detected count rate below that of the sample rate, allowing an accurate deadtime correction to be made. The peak of the post-apogee profile is our most accurate estimate of the central Lya brightness as sampled over 2 ′′ . The pre-apogee profile has been scaled so its peak matches the post-apogee observation. The shape of the pre-apogee profile has fewer closed shutters, providing a smoother sample of the profile in comparison to the post-apogee profile. The true profile is best represented by the upper envelope of each profile. Comparison to steady state Haser models implies a water production rate between QH 2 O 8 × 10 29 s −1 at small radii, while the larger radii are better matched by a lower rate of 2 × 10 29 s −1 . The disagreement with the steady state models suggests a strongly increasing in the water production rate.
derived from the small aperture of IRTF/CSHELL on the nights of 19 and 20 November 2013. Starting at 19.71 November they found a water production rate of Q H2O = 2.4 ± 0.1× 10 29 s −1 , which steadily increased to Q H2O = 4.4 ± 0.3× 10 29 s −1 by 19.96 November. Between 20.70 and 20.88 November they found an average value of Q H2O = 3.7 ± 0.4× 10 29 s −1 . All these observations are well bracketed by the water production rates found by DiSanti et al. (2016) , using IRTF/CSHELL. They quote Q H2O = 1.6 ± 0.1× 10 
Carbon Production
In Figure 6 we show background subtracted count rate images with linear scaling from the zero-order channel covering a 332 ′′ × 332 ′′ region (± 10 5 km) 2 . The zeroorder imaging bandpass, ranging over ∼ 1300 to 1800Å, is sensitive to the emission from a number of cometary species. The 1 AU fluorescent efficiencies (g-factors) listed in Table 1 show that C I λ1657 has the highest g-factor followed by the band sum of CO, S I λ1475 and O I λ1302 respectively. Here we present evidence in support of C I λ1657 as the dominant source of emission in the zero-order images.
Observations using the Cosmic Origins Spectrograph (COS) on the Hubble Space Telescope on 01 November 2013, when the heliocentric velocity was −42 km s −1 , found a S I λ1425 line that was ≈ 5 times stronger than the S I λ1475 and comparable in strength to C I λ1657 (Weaver et al. 2014) . However, as shown in Figure 4c , the g-factor for S I λ1425 has a strong dependence on heliocentric velocity, dropping by a factor of 3 at −62.7 km s −1 , with respect to that at −42 km s −1 , and is below that of S I λ1475 (panel d). We further note that the COS aperture is only 2.
′′ 5 in diameter, comparable to our pixel and much smaller than the extractions shown in Figure 6 . Cometary sulfur emissions typically extend over a much narrower angular extent in comparison to carbon (e.g. McPhate et al. 1999) , so the C I λ1657 intensity measured by COS samples only a small fraction of the flux available. We conclude that sulfur contributions in our zero-order image are likely to be ∼ 10% that of carbon. The band integrated g-factor for CO, is 1.4 times that of S I λ1475 (Table 1) , and like sulfur has a narrow angular distribution in comparison to carbon, hence we expect it to be similarly weak.
Oxygen is a strong byproduct of water dissociation. However, its g-factor at −62.7 km s −1 is a factor of ∼ 50 smaller than the carbon line. Moreover, the geocentric velocity of the comet is only −4.5 km s −1 which leads to strong attenuation of O I λ1302 by atomic O in the thermosphere where slant column densities at the observation angle of 89
• from zenith, range from 10 19 to 10 16 cm −2 at altitudes between 100 and 300 km. We can further discriminate between carbon and other potential emitters in the zero-order images by monitoring the count rate as the telescope descends into Earth's atmosphere. Molecular oxygen (O 2 ) absorption has a strong dependence on wavelength, which will selectively attenuate cometary emissions from different atomic and molecular species at different rates on the downleg portion of the flight. We have modeled the expected attenuation as a function of time during the flight for C I λ 1657, O I λ 1302 and the CO A-X band. A summary of the components of this model is shown in Figure 7abcd .
In Figure 7a we show the O 2 Schumann-Runge continuum absorption cross section in black. The g-factors at 1 AU, multiplied by the zero-order effective area in Figure 2 , are shown in red for the CO A-X band transitions, in blue for C I λ 1657, and in green for O I λ 1302. The altitude of the telescope as a function of time is shown in Figure 7b . In Figure 7c we show the slant column densities of O 2 and O as a function of altitude. In Figure 7d we show the transmission profiles from each emission source as a function of time.
In Figure 8 we show the zero-order count rate over ± 10 5 km region centered on the nucleus in black. The vertical dotted lines mark times when total number of open shutters were changed in response to attempts to deploy a slit. The transmission curve as a function of time for C I λ 1657 is an excellent match to the count rate during the period of reentry. This is strong evidence for carbon as the dominant source of emission in these images. The lack of any sort of parabolically varying component in this rate is an indicator that O I λ 1302 is not present at a significant level.
In Figure 9 we plot as a black histogram the radial profile of the zero-order emission averaged over annuli centered on the pixel of peak brightness in the image acquired post apogee (Figure 6b ). The radial profile for the image acquired at the end of the downleg (Figure 6d ) is plotted in red. The later profile has a less pronounced peak. In § 4.3.1 we will use the difference of these two profiles to constraint the CO production rate.
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6 and 5 × 10 4 seconds as dashed and solid blue lines respectively. The former lifetime is that expected from a CO parent. It clearly does not fit the observation. The later lifetime provides a good fit to the observation, but leads to the conclusion that a parent molecule with a much short lifetime than CO is responsible for the C production. Q C ≈ 4 × 10 28 s −1 , assuming a parent lifetime of 5 × 10 4 seconds.
CO Production Constraint
Parent molecular species sublimating directly from the nucleus with optically thin column densities, like CO, are point sources as viewed by Earth bound telescopes, exhibiting a sharp peak at the center of an image. Our atmospheric transmission calculations, along with the zero-order count rate observation (Figure 8) , indicate that the downleg image should be mostly devoid of CO emission and should contain only C I λ1657 emission, albeit somewhat attenuated. The difference between the profile acquired post-apogee (Figure 6b ), which has C I λ1657 and possibly some CO at the center, and that acquired on the down leg (Figure 6d ), which has only C I λ1657, allows us to place a limit on the level of CO production.
In Figure 10a we plot the zero-order image profile acquired post-apogee in black with the downleg profile in red. We have multiplied the downleg profile by a factor of 1.6 to account for atmospheric attenuation of C I λ1657, which provides a good match to the wing of the post-apogee profile at large radius. The difference between the two profiles is shown in blue. In Figure 10b we show, on a log-log plot, the differenced radial profile in black along with a simple Haser model in red for CO sublimating from the comet with a production rate of Q CO = 5 +1.5 −7.5 × 10 28 s −1 with 1σ errors derived from photon statistics. This can only be considered an upper limit as the enhancement is slight and dominated by a single resolution element.
CONCLUSIONS
We find a Lyα radial profile that is not well matched by Haser models with steady state water production. At small radii the emission is consistent with a production rate of Q H2O ∼ 8 × 10 29 s −1 , while at large radii the profile is better matched by a lower production rate of Figure 9 . Zero order profile averaged over concentric circles surrounding the comet. The flux in this profile is dominated by emission from of C I λ1657 as discussed in § 4.3. Black is the profile acquired post apogee. Red is the profile near reentry when the attenuation due to the atmosphere is strongest. Overplotted in blue is a vectorial model for the steady state production of carbon from a parent molecule at the rate of 4 × 10 28 s −1 and a 1 AU lifetime of 5 × 10 4 seconds. The dashed blue profile was computed assuming a lifetime typical of that for C produced by a CO parent 1.3 10 6 seconds.
of 10 3 to 5 × 10 5 km. The overall increase is in general agreement with the SWAN observations by Combi et al. (2014) , and well bracketed by the DiSanti et al. (2016) and ? water production determinations. However, it is somewhat at odds with the SWAN daily average, which shows a slight downward trend in the water production rate at the time of our observation. The SWAN daily average was calculated from a time resolved model that accounts for the photodissociation kinetics and thermalization processes from various H parent species that effect the Lyα brightness profile on scales ≥ 1
• . This dimension is significantly larger than our entire FOV of (30 ′ , ∼ 10 6 km), offering a potential explanation for the discrepancy, and suggesting our close in look may offer insight into the dissociation processes during the disruption event.
The flux in the imaging channel is consistent with C I λ 1657 emission. We find a carbon production rate of ∼ 4 × 10 28 s −1 with a parent lifetime of ∼ 5 × 10 4 seconds. This lifetime is shorter than expected from CO, implying CO is not a dominant source of carbon in coma. Lim et al. (2014) and Morgenthaler et al. (2011) came to similar conclusions regarding comets C/2001 Q4 (NEAT) and C/2004 Q2 (MACHHOLZ), although our lifetime is considerably shorter than that inferred for those two comets. Our production rate of carbon with respect to water is C/H 2 O ≈ 5%. We have taken advantage of the variable transmission to select far-UV wavelengths offered by molecular oxygen in the Earth's atmosphere to constrain the production rate of CO sublimating from the surface of ISON to be Q CO 5 × 10 28 s −1 . The upper limit on the ratio of carbon monoxide to water is < 6%. This upper limit is considerably larger than those derived from COS observations. They found Q(CO) = 3 × 10 26 s −1 and 2.7 × 10 26 s −1 on 22 October and 01 November respectively, when the comet was at heliocentric distances of ≈ 1.2 and 1.0 AU (Weaver et al. 2014) . Deconvolved daily averages of the water production rates derived from the SWAN Lyα imager (Combi et al. 2014) indicate Q(H 2 O) = 1.6 × 10 28 s −1 and 2.2 × 10 28 s −1 around those dates, suggestive of a gradual decrease in the CO/H 2 O ratios of 1.9 to 1.2%, in line with the nonsteady evolution that characterized ISON's ingress. In future work we intend to examine our data in the context of nearly contiguous far-UV spectral observations acquired over 19 to 21 November 2013 made by Mercury Atmospheric and Surface Composition Spectrometer (MASCS) on NASA's MESSENGER spacecraft to further investigate the water production variability and to place more stringent limits on the CO production, during this extremely volatile period. 
